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AMENTDMENTS TO THE CLAIMS 

Claim 1 (origiiul) A method for detennining vector misntatdi between a plurality of 
signal paths in a signal processing system, the meftiod comprising: 

(a) providing a periodic calibration signal having a plurality of tones; 

(b) frequency translating the calibration signal using the signal processing system 
to provide a first set of observed samples; 

(c) comparing tiie first 5aix^>le set to a second set of samples modeled by a 
function of parameters including an estimated vector mismatch and a plurality of 
basis functions; and 

(d) determining, at least to an estimate, a value of vector mismLatch that 
minimizes the difference between the first sample set and the second sample set. 

Claim 2 (original) The method of claim 1 wherein: 

(a) the signal paths indude an in-phase signal path and a quadrature signal path; 
and 

(b) vector mismatch includes deviation from a quadrature relatioi\ship between 
the in-phase signal path and the quadrature signal path. 

Claim 3 (original) The mediod of claim 1 ^^iiereln: 

(a) the signal paths iiKlude a plurality of signal paths coupled to respective 
elements of a spatially selective array; and 
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(b) vector mismatch indudes deviations frwn a predetermined phase and 
amplitude relationship between each respective one of the plurality of signal 
paths, tt\e deviations degrading spatial selectivity of the array. 

Claim 4 (original) The mettiod of claim 3 furttier comprising trarwmitting the calibration 
signal through an antenna placed at a fixed position with respect to the array elements. 

Claim 5 (original) The meOiod of claim 1 wherein the number of samples in the sample 
set is significantly greater than the number of parameters of tiie function/ whereby tfie 
function is overdetermined. 

Claim 6 (original) The method of daim 1 further comprising: 

(a) providing a plurality of first sample sets; 

(b) comparing each first sample set to a respective second sample set of samples 
modeled as a hmcticm of parameters including an estimated vector mismatch, 
and a plurality of basis functions; 

(c) determining, at least to an estimate, a value of vector mismatdi that 
minimize the difference between each first sample set and each respective 
seccmd sample set; and 

(d) statistically combining the values of vector nusmatch detemuned for each one 
of the plurality of first sample sets. 

aaim 7 (original) The method of claim I wherein the determined vector mismatch 
includes a first value representative of phase mismatch and a second value 
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representative of gain mismatch^ the values being representative of mismatches 
between the signal paths. 

Claim & (original) The metitod of claim 7 wherein: 

(a) the determined vector mismatch includes a plurality of phase and gain 
mismatch values; 

(b) the plurality of values inchides a phase and gain mismatch value for each one 
of the plurality of tones; and 

(c) each one of the plurality of values is representative of vector mismatdt 
between ttie signal paths from frequency translation of one of the plurality of 
tones. 

Claim 9 (original) The method of daim 1 wherein the parameters tMther include a 
parameter indicative of at least one environmental condition. 

Qaim 10 (original) The method of claim 9 wherein the environmental condition is a 
temperature. 

Qaim 11 (original) The method of claim 9 wherein the enviroiunental condition is a 
local oscillator frequency. 

Qaim 12 (original) The method of daim 1 wherein ead\ one of the plurality of basis 
functions forms an orthogonal basis for each one of tt\e plvirality of tones. 
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Claim 13 (original) The method of daim 1 wherein: 

. (a) the plurality of basis functions inchides a first function set and a second 
function set; and 

(b) one basis function of the first f ururtion set and one basis function of the second 
function set together form an orthogonal basis for each one of the plurality of 
tones. 

Claim 14 (original) The method of daim 13 wherein: 

(a) each one of the plurality of basis f unctior\s is sinusoidal and periodic at a 
frequency equal to the frequency of the tone whose orthogonal basis is formed 
thereby; and 

(b) each basis functlcm of the first function set is displaced from each basis 
function of the second function set by a predetermined phase offset to establish a 
predetermined vector relationship therebetween. 

Claim 15 (original) The method of claim 1 wherein the value of vector mismatch that 
minimizes the difference between tiie first sample set and the second sample set is 
determined by recursive least meai\ squares. 

Claim 16 (original) The method of daim 15 wherein the values determined by least 
mean squares are constrained to a predetermined bounded regiioru 
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Claixn 17 (original) The method of claim 1 wherein the value of vector mismatch that 
minimizes the difference between the first sample set and the second sample set is 
determined by recuishre least squares with an exponential forgetting window. 

Claim 18 (original) The method of claim 1 wherein: 
(a) the function is a linear product of 

(1) a matrix of results of the basis functions; and 

(2) a parameter vector of variables representative of ttie vector mismatch; 
and 

<b) the value of vector mismatch that minimizes die difference between the first 
sample set and the second sample set is determined by linear regression 
estimation of the parameter vector. 

Claim 19 (original) The method of claim 18 wherein X is the matrix^ Y is the observation 
vector, Z is the parameter vector^ and the linear regression estimation is detemuned 
according to the formula: 

Oalm 20 (original) A method in accordance wi A claim 1 for reducing vector mismatch 
between signal pattts in a signal processing system, the method further comprising 
applying at least one of a phase adjustment and a gain adjustment to at least one of the 
signal paths. 
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Claim 21 (original) The method of daim 20 further comprising: 

(a) computing complex exponentials oorte^onding to the vector mismatch; and 

(b) based on the complex exponaitials, deriving.coeffidents of impulse respcmse 
that is inversely representative of the vector mismatdv and 

(c) realizing the impulse response in a digital filter to apply die adjustment 

Claim 22 (original) The method of claim 21 wherein the coeffidents are derived by 
applying tt\e complex exponentials to. appropriate frequency bands of an inverse fast 
Fourier transform. 

Qaim 23 (origirwl) The method of daim 21 wherein the digital filter is a finite-impulse- 
response filter- 
Claim 24 (original) The method of claim 20 further comprising repeatedly determining 
vector mismatdv and applying a phase and gain adjustment, inverse of flie determined 
vector mismatch/to reduce the vector mismatch. 

Claim 25 (original) A signal processing system having an in-phase signal path and a 
quadrature signal path and indudii\g a vector mismatch determination system 
comprising: 

(a) a calibration signal subsystem that, during operation^ provide^ a periodic 
calibration signal having a pltirality of tones; 

(b) a sample modeling and mismatch determination subsystem responsive to 
the calibration signal to provide a plurality of first sets of observed samples and 
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detennine vector mismatch between the plurality of signal paths, vector 
mismatch including deviation from a quadrature relationship between die in- 
phase signal path and the quadrattue signal path, wherein, during operation: 

(1) each first sample set is compared to a respective secorui set of samples 
modeled by a linear product of a parameter vector of variables 
representative of an estimated vector mismatch and a matrix of results from 
a plurality of basis functions, the estimated vector misxnatch including a 
plurality of values representative of phase mismatdh and a plurality of 
values representative of gain mismatch at each one of the plurality of tones; 

(2) a value of vector mismatch is determined, at least to an estimate, that 
minimizes the difference between the first sample set and the secorkl 
sample set, the determination being made by a bounded least mean squares 
algorithm; 

(3) Ihe number of samples in the sample set is significantly greater dion the 
number of parameters of the function, whereby the function is 
overdetermined; 

(4) thevaluesof vector ziusmatch determined for each one of the plurality 
of first sample sets are statistically combined; 

(5) the plurality of basis functioixs includes a first function set and a second 
function set, one basis function of the first function set and one basis 
function of the second function set tpgetfier forming an orthogonal basis for 
each one of the plurality of tones; 
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(6) eadioneof thepltiraUty of basisfururtionsissimisoid^^ 

a frequency equal to the frequency of the tone whose ordiogonal basis is 
formed thereby; and 

(7) each basis function of the first function set is displaced frcHn eadi basis 
function of die second function set by a predetermined phase offeet to 
establish a predetermined vector relationship therel>etween. 

Claim 26 (original) A system in accordance with claim 25 for reducing vector mismatch 
between quadrature signal paths in a signal processing system, wherein^ during 
operation at least one of a phase adjustment and a gain adjiistment is repeatedly 
determined and applied to at least one of the signal x>aths, the ssrstem further 
comprising: 

(a) a correction coefficient generator responsive to the determined valxie of vector 
mismatch to compute complex exponentials corresponding to the vector 
mismatch; 

(b) a coefficient generator responsive to the complex expcmentials to derive 
coefficients of an impulse response that is inversely representative of the vector 
mismatdi, fte coefficients being derived by applying the complex exponentials 
to appropriate frequaicy bands of an inverse fast Fourier transform; and 

(c) a flnite-impulse-response digital filter coupled to tfie coefficient generator to 
realize the impulse response and. apply the adjustment 
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Claim 27. (original) A signal processing system comprising: 

(a) means for providing a periodic calibration signal having a plxirality of tones; 

(b) means for frequency translating the calibration signal to provide a first set of 
observed samples; 

(c) means for comparing the first sample set to a second set of samples modeled 
by a function of parameters including an estimated vector mismatch and a 
plurality of basis functions; and 

(d) means for determining, at least to an estimate/a value of vector mismatch 
that minimizes the difference between the first sample set and the second sample 
set. 

Qaim 28 (original) A method for correcting vector mismatch between a plurality of 
signal paths in a signal processing system, the method comprising: 

(a) providing a periodic calibration signal; 

(b) frequency translating the caliljration signal using the signal processing 
system to provide first and second sets of observed samples^ wherein: 

(1) the samples of the first sample set are derived from a first signal path; 
and 

(2) the samples of the second sample set are derived from a second signal 
patiti through an adaptive filter having a set of adaptable coefficients; and 

(c) adapting the coefficients to minimize the difference between the first sample 
set and the second sample set. 
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Qaims 29-33 (canoeUed). 

Claim 34 (original) A method for generating a phase^chronoxis calibration signal, the 
mettiod comprising: 

(a) generating a local oscillator signal; 

(b) generating a baseband calibration signal; 

(c) coupling the local oscillator signal and the baseband calibration signal to a 
mbcer to provide a radio frequency calibration signal tiiereby; and 

(d) coupling tihe radio frequency calibration signal to one or more mixers that, 
during operation, translate the radio frequency calibration signal, using the local 
oscillator sigrial, to at least one baseband calibration signaL 

Claims 35-40 (cancelled). 

Claim 41 (presently amended). A method for providing a calibration sigr\al having a 
plurality of tones, the method comprising: 

(a) generating a sequ^ce of digital values at a predetenmined sample rate; ft»4 

(b) converting the digital values'into analog values to generate a baseband 
calibration signal, the calibration signal including one or more tones; 

(c) generating a local oscillator slgiuil; and 

(d) mbdng the local oscillator signal and ttie baseband calibration signal to 
provide a radio frequency calibration signali^^S 
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(e) translating the radio frequency calibration signal to one or more reduced 
frequency calibration signals > 

Claims 42-4$ (cancelled). 

Qaim 50 (original) A method for detennining yector mismatch between a plurality of 
signal paths in a signal processing system that includes a digital signal processor^ the 
method comprising: 

(a) providing a periodic calibration signal; 

(b) frequency translating the calilnration signal using (he signal processing system 
to provide a plurality of first sets of observed samples; 

(c) when processing time of the digital signal processor is available, performing a 
vector mismatdi calibration process based on one of the first sample set^ the 
process including: 

(1) comparing die first sample set to a respective second sample set of 
samples modeled as a function of parameters including an estimated vector 
mismatch and a plurality of basis functions; and 

(2) determining, at least to an estimate, a value of vector mismatch that 
minimizes the difference between each first sample set and each respective 
second sample set; and 

(d) statistically combinii^ the values of vector mismatch determined for each one 
of the plurality of first sample sets. 
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Claim 51 (cancelled). 

Claim 52 (new) The method of claim 28 wherein the periodic calihratioii signal includes 
a plurality of tones. 

Claim 53 (new) The method of claim 28 wherein adapting is performed by a least mean 
squares algorithm. 

Claim 54 (new) The method of daun 53 wherein the values determined by least mean 
squares are constrsuned to a predetermined bounded region. 

Claim 55 (new) A signal proces^g system having a plurality of signal patihs and 
xncludii\g a vector mismatch correction system comprising: 

(a) a calibration signal subsystem that, during operation, provides a periodic 
calibration signal that includes a pliuality of tones; and 

(b) a digital subsystem resportsive to the calibration signal to provide first and 
second sets of observed samples derived from first and second ones of the signal 
paths, wherein, during operation: 



(1) the second sample set is derived through an adaptive filter having a set 
of adaptable coefficients; and 

(2) the coeffidents are adapted by a bounded least mean sqiiares algorithm 
to minimize the difference between the first sample set and the second 
sample set. 
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Claim 56 (new) Apparatus for conectizig vector mismatch between a pitiralitjr of signal 
paths in a signal processing system, the apparatus comprising: 

(a) means for providing a periodic calibration signal; 

(b) means for frequency translating the calibration signal using the signal 
processing ^stem to provide first and second sets of observed samples, wherein: 

(1) the samples of the first sample set are derived from a first signal path; 
and 

(2) <he sauries of the second sample set are derived from a second signal 
patfi through an adaptive filter having a set of adaptable coefficients; and 

(c) means for adapting the coefficients to minimize the difference between the 
first sample set and die second sample set 

Claim 57 (new) Ihe method of claim 34 further comprising: 

(a) providing a plurality of array elemaits responsive to radio frequency 
electromagnetic signals; and 

(b) transmitting the radio frequency calibration signal through an antenna placed 
at a fixed position with respect to the array elements, wherein the radio 
frequency calibration signal is coupled to each mixer through the respective 
array elements. 

Claim 58 (new) The me&od of daim 34 wherein the local oscillator signal and basd^and 
calibrattOTi signal are derived from a high frequency output of a high-stability master 
oscillator. 
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Claim 59 (new) The method of daim 34 furdier oomprising: 

(a) providing a phase adjiistor between the local oscillator and the ixib^ 

(b) adjusting the phase of the local oscillator signal at the second mixer to 
optimize ftte amplitude of the baseband calibration signal. 

Qaim 60 (new) The method of claim 59 wherein: 

(a) the frequency translation subsystem translates the radio frequency calibration 
signal to an in-phase baseband calibration signal and a quadrature baseband 
calibration signal; and 

(b) the phase of the local oscillator sigrud at the secoiui mixer is adjusted to 
balaitce the amplitudes of the in-phase basdsand calibration signal and the 
quadrature baseband calibration signal 

Claim 61 (new) Apparatus for providing a phase-synchronous calibration signal, the 
apparatus comprising: 

(a) a high'Stability master oscillator khat^ during operation^ generates a hig^ 
frequency dock sigrud; 

(b) a frequency translation subsystem including: 

(1) a local oscUlator responsive to the high frequency clock signal to 
gwerate a local oscillator sigctal; 
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(2) a first mixer responsive to the local oscillator signal and the amplified 
radio frequency input signal to generate a first reduced frequency signal; 
and 

(3) a second mixer responsive to the local oscillator signal and the 
amplified radio frequency input signal to g&:\erate a second reduced 
frequency signal; 

(c) a calibration signal subsystem including: 

(1) a baseband calibration signal generator responsive to the high 
frequency dock signal to generate a baseband calibration signal having one 
or more frequency components within the frequency range of Ae reduced 
frequency signal; and 

(2) a third mixer responsive to the local oscillator signal and the baseband 
calibration signal to provide a radio frequency calibration signal, the second 
mixer being coupled to the frequency translation subsystem such that the 
radio frequency calibration signal can be injected ttterein; and 

(d) a phase adjustor between the local oscillator and the diird mixer, whereby 
the pitase of the local oscillator signal can be adjusted at the ttiird mixer to 
balance the amplitudes of the first and second reduced frequency signals. 

Claim 62 (new) Apparatus for generating a phase-synchronous calibration signal the 
apparatus comprising: 

(a) means for generating a local, oscillator signal; 
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(b) means for generating a baseband calibration signal; 

(c) means for frequency translating tiie baseband calibration signal using the 
local oscillator signal to provide a radio frequency calibration signal; and 

(d) means for frequency translating the radio frequency calibration signal using 
the local oscillator signal to at least one baseband calibratioa signaL 

Qaim 63 (new) The method of daim 41 wherein the calibration signal further includes 
one or more aliases of at least one of the tones. 

Claim 64 (new) Ihe method of claim 41 further comprising digitally filtering each 
reduced frequency calibration signal by a digital filter having deep, but narrow spectral 
Knowles at the frequencies of the undesiied tones, wherein the undesired tones fail 
outside a frequency range of interest. 

Claim 65 (new>The method of claim 41 wherein the sequence of digital values consists 
of two distal values and the calibration signal includes a tone having a frequency of 
one half the predetermined sample rate. 

Claim 66 (new) The method of daim 41 wherein converting tiie digital values into 
analog values indudes providing a plurality of preset multipliers, each digital value 
corresponding to one of the multipliers. 

Oaim 67 (new) The method of daim 66 wherein: 

(a), the sequence of digital values indudes one or more pairs of valu» having 
the same magnitude but opposite sign; a^d 
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(b) each of the pairs of values corresponds to one of the multipliers. 

Claim 68 (new) Apparatus for providing a calibration signal having a plurality of tones^ 
ttie apparatus comprising: 

(a) a square wave oscillator that, during operation, generates a baseband 
calibration signal includir^ a fundamental tone and a plurality of harmonic tones 
at odd-numbered multiples of the fundamental tone frequency; 

(b) a local oscillator that, during operatioix^ generates a local oscillator signal; 

(c) a mixer responsive to the local oscillator signal and the baseband calibration 
signal to provide a radio f requeiuy calibration signal; 

(d) a frequenScy translation subsystem respcnisive to the radio frequency 
calibraticm signal to provide one or more reduced frequency calibration signals;^ 
and' 

(e) a digital fiker coupled to Ae frequency translation subsystem, the filter 
having deep but narrow spectml nulls at the frequencies of tones of the 
calibration signal outside a frequency range of interest 

Claim 69 (new) Apparatus for providing a calibration signal having a plurality of tones, 
the apparatus comprising: 

(a) means for generating a sequence of digital values at a predetermined sample 
rate; 

(b) means for converting the digital values into analog values to generate a 
basd^and calibration sigi^, the calibration signal includiz\g one or more tones; 
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